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CAPILLARY ACTIVE TEST ELEMENT HAVING AN INTERMEDIATE 


LAYER SITUATED BETWEEN THE SUPPORT AND THE COVERING 


The invention concerns a device for withdrawing samples 
of liquiM samples for analytical elements in which the 
sample i^ transported in the analytical element in a 
capillaryVactive channel from a sample application 
opening tcA the determination site for the sample and in 
which the dapillary-active channel is essentially formed 
by a carrier, a cover and optionally an intermediate 
layer lying t)etween the cover and carrier. In addition 
the invent ioA concerns a process for withdrawing a 
liquid sample Y^to an analytical element with the aid of 
the said device 

So-called carrier-bound tests are often used for the 
qualitative or quantitative analytical determination of 
components of body fluids, in particular of blood. In 
these the reagents are embedded in corresponding layers 
of a solid carrier which is contacted with the sample. 
If a target analyte is present, the reaction of the 
liquid sample and reagents leads to a detectable signal, 
in particular a colour change which can be evaluated 
visually or with the aid of an instrument, usually by 
reflection photometry. 

Test elements or test carriers are often in the form of 
test striplB which are essentially composed of an 
elongate caVrier layer made of plastic material and 
detection lasers which are applied thereto as test 
fields. Howev^, test carriers are also known which are 
in the shape ofi small quadratic or rectangular plates. 


Test elements for clinical diagnostics that are 
evaluated visually or by reflection photometry are 
frequently constructed like electrochemical sensors and 
biosensors such that the sample application zone and the 
detection zone are arranged one above the other in a 
vertical axis. This mode of construction is problematic. 
When the test strip loaded with sample has to be 
inserted into an instrument, for example a reflection 
photometer, for measurement, potentially infectious 
sample material can come into contact with parts of the 
instrument and may contaminate them. Furthermore 
volumetric dosing can only be achieved with difficulty 
especially in cases in which the test strips are used by 
untrained persons for example in the self-control of 
blood sugar by diabetics. 

Recently test elements have become available which 
provide a capillary channel or gap with the aid of which 
at least some of the described problems can be solved. 

EP-B-0 034 049 concerns a test element in which the 
sample is applied to a central sample application site 
for example an opening in a cover and is transported by 
capillary force to several detection zones which are 
spatially separated from the sample application site. In 
this case it is remarkable that a special design for the 
geometry of the sample application opening which is also 
described in EP-B-0 010 456 is emphasized as being 
particularly preferable. A regular hexagonal shape of 
the sample entry opening in top view is claimed to 
centre a drop of liquid sample in the opening. This is 
claimed to facilitate penetration of the sample into the 
capillary-active channel which is perpendicular to the 
sample application opening. 
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WhereaB in the described capillary gap test elements the 
sample lis applied through an opening in the test element 
which dls perpendicular to the capillary gap, in other 
designa the sample liquid is applied directly into the 
capillaW gap parallel to the direction of spread. This 
is mostl simply Iccomplished by the test element having 
an edge Iwhere the capillary gap ends and which is 
directlM contacted with a sample liquid and is taken up 
by the channel which is capable of capillary liquid 
transport . 

A frequent prbblem with the latter test elements is that 
liquid drops \Jrhich are applied to the sample application 
opening of the\ capillary gap are not able to penetrate 
into the gap. This phenomenon can have different causes. 
It is conceivable that in the manufacture of such test 
elements the opening for fabrication reasons does not 
have the dimensions that are required for a sample drop 
to enter into thdi capillary channel for example because 
the opening has b^en contaminated or squashed when the 
test element was cVit to length, cut or stamped out. 
Another reason may\be that the hydrophobicity of the 
materials which are\ often used to manufacture the said 
test elements such is for example hydrophobic plastics, 
impair, delay or preWent penetration of the sample into 
the capillary gap. Fopr example a liquid drop already 
does not enter into tuie inside of a capillary channel or 
only very slowly if its inner surfaces are indeed 
hydrophilic but the cut edge is hydrophobic due to the 
materials used. \ 

The object of the present invention was to eliminate the 
disadvantages of the prior art . 
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This is achieved by the subject matter of the invention 
as characterized in the patent claims. 

The invention concerns a device for withdrawing liquid 
samples for analytical elements in which the sample is 
transported in a capillary-active channel from the 
sample application opening to the site of determination 
of the samnle in the analytical element and in which the 
capillary-active channel is essentially formed by a 
carrier, a aover and optionally an intermediate layer 
lying between the cover and carrier which is 
characterized in that there is a notch in one of the 
surfaces forimng the channel capable of capillary liquid 
transport at the edge of the analytical element that 
forms the samnle application opening so that one side of 
the edge of the device forming the sample application 
opening is at least partially interrupted and the 
opposite surfade of the notch is exposed. 

The device according to the invention particularly 
preferablyX contains one such notch. However, other 
designs canXalso be realised in which several and at 
least two notches are present together in one surface or 
are offset on opposite surfaces. There are no limits to 
the shape of Vhe notches provided at least part of the 
edge which foiVas the sample application opening is at 
least partiall;^ interrupted by the notch. Hence 
triangular or polygonal as well as round or elliptical 
forms are possible. Irregular shapes are also not 
excluded. \ 

The notch in a surface forming the capillary channel at 
the edge of the test element which forms the sample 
application opening serves to ensure that the sample 
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liquid can enter into the capillary channel. This is 
achieved in that the sample drop can be directly applied 
to one of the surfaces, whose extension forms the inner 
surface of the capillary, at the edge of the device that 
is broken by the notch which is nearest the sample 
application opening. Suitable selection of the geometry 
and dimensions of the notch ensures that the liquid drop 
comes into contact with the capillary active zone with 
very high probability, independent of the exact position 
of the dosing and is readily sucked into the inside of 
the capillary. For example the size of the exposed 
surface should be selected such that at least one site 
of the liquid drop that is applied thereto comes into 
contact with the capillary-active zone. For example one 
dimension of the notch, such as its width, should be 
selected such that the diameter of the liquid drop is 
slightly larger than the selected dimension of the 
notch. A notch width of 1 mm has proven to be suitable 
for a drop of 3 /il . Suction of the sample drop into the 
capillary channel is particularly preferably achieved by 
the area exposed by the notch being hydrophilized and 
bordering directly on a capillary active zone at least 
in the direction of the capillary transport channel. 

In this\ connection hydrophilic surfaces are water- 
attractiVig surfaces. Aqueous samples, also including 
blood, snread well on such surfaces. Such surfaces are 
characterized among others in that a water drop placed 
on it fornfls an acute rim angle or contact angle at the 
interface . \ln contrast an obtuse rim angle is formed at 
the interface between the water drop and the surface on 
hydrophobic Y . e . water repellent surfaces. 

The rim angle which is a result of the surface tensions 
of the test liquid and of the surface to be examined is 
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a measure 


f the hydrophilicity of a surface. Water for 
example hai a surface tension of 72 mN/m. If the value 
of the surface tension of the observed surface is much 
below this 
wetting is 


value i.e. more than 20 mN/m, then the 
poor and the resulting rim angle is obtuse. 
Such a surface is referred to as hydrophobic. If the 
surface tenfeion approximates the value which is found 
for water tten the wetting is good and the rim angle is 
acute. If, an contrast, the surface tension is the same 
as or highei than that of the value found for water, 
then the drcp runs and there is a total spreading of the 
liquid- It is then no longer possible to measure a rim 
angle. Surfaces which form an acute rim angle with water 
drops or on which a total spreading of a water drop is 
observed arel referred to as hydrophilic. 


The ability of a capillary to suck up a liquid depends 
on the wettability of the channel surface with the 
liquid. This means for aqueous samples that a capillary 
should be manufactured from a material whose surface 
tension almost reaches 72 mN/m or exceeds this value. 


Sufficiently hydrophilic materials for the construction 
of a capillary which rapidly sucks up aqueous samples are 
for example glass, metal or ceramics. However, these 
materials are unsuitable for use in test carriers since 
they have some severe disadvantages such as risk of 
breaking in the case of glass or ceramics or change in 
the surface properties with time in the case of numerous 
metals. Therefore plastic foils or moulded parts are 
usually used to manufacture test elements. As a rule the 
plastics used hardly exceed a surface tension of 45 mN/m. 
Even with the, in a relative sense, most hydrophilic 
plastics such as polymethylmethacrylate (PMiyiA) or 
polyamide (PA) it is only possible - if at all - to 


construct slowly sucking capillaries. Capillaries made of 
hydrophobic plastics such as for example polystyrene 
(PS) , polypropylene (PP) or polyethylene (PE) essentially 
do not suck aqueous samples. Consequently it is necessary 
to endow the plastics used as a construction material for 
test elements with capillary active channels with 
hydrophilic properties i.e. to hydrophilize them. 

In a preferred embodiment of the analytical test element 
according to the invention at least one, but preferably 
two and especially preferably two opposite surfaces 
which form the inner surface of the channel capable of 
capillary liquid transport are hydrophilized . At least 
the exposed surface opposite the notch is very 
preferably hydrophilized. If more than one surface is 
hydrophilized then the surfaces can either be made 
hydrophilic using the same or different methods. 
Hydrophilization is particularly necessary when the 
materials that form the capillary active channel, in 
particular the carrier, are themselves hydrophobic or 
only very slightly hydrophilic because they are for 
example composed of nonpolar plastics. Nonpolar plastics 
such as for example polystyrene (PS) , polyethylene (PE) , 
polyethylene terephthalate (PET) or polyvinyl chloride 
(PVC) are advantageous as carrier materials because they 
do not absorb the liquids to be examined and thus the 
sample volume can be effectively utilized by the 
detection layer. The hydrophilization of the surface of 
the capillary channel enables a polar, preferably 
aqueous, sample liquid to readily enter the capillary 
channel and be rapidly transported to the site of 
determination of the sample. In this connection the site 
of determination is understood as that site or that zone 
to which the sample should be transported in the 
analytical element in order to achieve the desired 
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result. If the analytical element is for example a test 
carrier that is to be evaluated optically or 
photometrically, the site of determination of the sample 
is the detection zone of the test carrier in which a 
reaction with a change in colour is observable. If the 
analytical element is an electrochemical sensor the site 
of determination of the sample is understood as an 
electrode integrated into the sensor which is capable of 
the desired electrochemical detection reaction. If the 
analytical element does not itself serve to detect an 
analyte in a sample, but for example is only used for 
volume dosing or taking up a certain amount of sample 
material, the site of determination of the sample can be 
simply a mark on the analytical element up to which the 
capillary gap has to be filled in order to for example 
measure a certain minimum sample volume. 

Ideally the hydrophilizaton of the surface of the 
capillary channel is achieved by using a hydrophilic 
material in its manufacture which, however, cannot 
itself suck up the sample liquid or only to a negligible 
extent. In cases where this is not possible a 
hydrophobic or only very slightly hydrophilic surface 
can be hydrophilized by suitable coating with a stable 
hydrophilic layer that is inert towards the sample 
material for example by covalently binding photoreactive 
hydrophilic polymers onto a plastic surface by applying 
layers containing wetting agents or by coating surfaces 
with nanocomposites by means of sol-gel technology. 
Furthermore it is also possible to achieve an increased 
hydrophilicity by thermal, physical or chemical 
treatment of the surface. 

The hydrophilization is quite especially preferably 
achieved by using thin layers of oxidized aluminium. 
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foils or metal 
the test Carrie 
achieve the des 
layer thickness 


These layers are either applied directly to the desired 
components of the test element for example by vacuum 
coating the work pieces with metallic aluminium and 
subsequently ojJidizing the metal, or by using metal 

coated plastics for the construction of 
rs which also have to be oxidized to 
Lred hydrophilicity . In this case metal 
s of 1 to 500 nm are adequate. The metal 
layer is subsequently oxidized to form the oxidized form 
in which case atiove all oxidation in the presence of 
water vapour or Iby boiling in water have proven to be 
especially suitable methods in addition to 
electrochemical , I anodic oxidation. The oxide layers 
formed in this minner are between 0.1 and 500 nm, 
preferably between 10 and 100 nm thick depending on the 
method. Larger Idyer thicknesses of the metal layer as 
well as of the o^dLde layer can in principle be realised 
in practice but db not exhibit any additional 
advantageous ef f edts . 


A second subject matter of the invention concerns a 
process for withdrawing a liquid sample, in particular a 
body fluiu such as blood, plasma, serum, urine, saliva, 
sweat etc. \ with the aid of a device according to the 
invention. \ In this process the liquid sample is firstly 
contacted With the device at the edge of the sample 
applicationl opening which is interrupted by the notch. 
The sample Mquid is transported into the inside of the 
device by capillary forces in the channel that is 
capable of capillary liquid transport so that it can 
reach its sit A of determination. 


The iiWention is elucidated in more detail by figures 1 
and 2 aiid by the following examples. 
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Figure 1 shows a particularly preferred embodiment of 
the device according to the invention. A schematic top 
view of the device according to the invention is shown 
in Figure lA. Figures IB to IG each show cross - sectional 
views along the lines A-A' (IB) , B-B' (IC) , C-C (ID and 
IG) , D-D' (IE) and E-E'(IF) respectively. 

Figure 2 shows a perspective detailed enlargement of the 
sample application region of the device according to the 
invention . 


The numbeVtrs in the Figures denote: 


1 

carrier 

2 

detection element 

3 

capillary channel 

4 

sample application opening 

5 

notch for sample application 

6 

vent opening 

7 

cover \ 

8 

gap cover foil 

9 

intermediate layer 

10 

support\ f oil 


/ \ 

Various views (Figures lA to IF) of a particularly 
preferred embodiment of the device according to the 
invention are shown schematically in Figure 1. The views 
shown are intended to give a three-dimensional 
impression of the device according to the invention. An 
intermediate layer (9) is mounted on a carrier (1) for 
example in the form of a double-sided adhesive tape. In 
the area of the capillary channel (3) the intermediate 
layer (9) has a recess which determines the length and 
width of the channel (3) . Its height is given by the 
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thickness of the intermediate layer (9) . On the side of 
the capillary channel (3) which is opposite to the 
carrier (1), a cover (7) e.g. a plastic foil is located 
adjacent to the detection element (2) e.g. a reagent - 
impregnated membrane. A gap cover foil (8) is provided 
to ensure capillary continuity between the detection 
element and cover. This can be hydrophilized to enable a 
rapid transport of sample from the sample application 
opening (4) to the vent opening (6) which marks the 
opposite end of the capillary channel. An additional 
advantage of the hydrophilization is that a drop of 
sample liquid can be applied directly to a hydrophilic 
surface in the area of the notch (5) which is surrounded 
on several boundary sides by the capillary active zone 
(3) . This leads to a rapid penetration of the liquid 
drop into the test element. 


)illL 


The capillary zone (3) extends from the sample 
application opening (4) to the opposite end of the 


detection e 
liquid can 
element (2) 
over the de 


lement (2) and thus ensures that the sample 
contact the whole area of the detection 

and thus a homogeneous sample distribution 
tection element (2) . The sample application 


opening (4) land vent opening (6) limit the capillary 
active regiAn (3) in the direction of capillary 
transport. I 

Fig. IG shows how the intermediate layer (9) can be 
covered by a supporting foil (10) in order to cover 
areas of the adhesive tape that are exposed. However, 
the vent opening (6) must not be covered. 


When using the device shown, its sample application 
opening (4) is for example contacted with a blood drop 
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located on a fingertip. In this connection it is 
unimportant whether the blood drop comes into contact 
with the device according to the invention containing 
the sample application opening (4) from above i.e. on 
the flat side of the carrier (1) or from the front i.e. 
from the front side of the test element. This largely 
rules out an erroneous application of sample which would 
for example be expected of users that are used to 
conventional test strips that have to be dosed from 
above. When the device according to the invention is 
used the blood drop comes into contact with the exposed 
surface which is optionally hydrophilized and 
simultaneously with the capillary channel (3) through 
the notch (5) in the carrier (1) . The capillary channel 
fills itself with sample until it is filled from the 
sample application opening (4) to the vent opening (6) . 
Afterwards the device is removed from the patient's 
finger which ensures that only the sample that is 
present in the capillary channel (3) is available for 
the detection element (2) . Thus overdosing is excluded. 
The defined height of the capillary channel provides a 
defined layer thickness of the sample on the detection 
element . 

A detail enlargement of a perspective view of the sample 
application\ area of a particularly preferred embodiment 
of the test \element according to the invention is shown 
in Figure 2.\The notch (5) in the carrier (1) 
facilitates denetration of a sample liquid from the 
sample applicktion opening (4) into the capillary active 
zone (3) whicll in the present case is formed by the 
carrier (1) , intermediate layer (9) and cover (7) . In 
addition to th^ shape shown the notch can also have any 
other desired skape which serves the purpose according 
to the invention^ Among others semicircular, triangular 
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or pol/gonal shapes and the use of one or several 
adjacent staggered opposing notches are possible. 

Example 1 

Manufacture of the analytical test element according to 
the invention 


A double-sided adhesive tape with a thickness of 100 /itn 
is glued onto a 350 /im thick foil of polyethylene 
terephthalate (Melinex®, ICI, Frankfurt am Main, 
r| Germany) coated with a 30 nm thick layer of aluminium 

which was completely oxidized with water vapour. The 
m foil has a length of 25 mm and is 5 mm wide. A central 

y\ notch- shaped recess of 1 mm width and 2 mm length is 

^ located on one of the short sides. The adhesive tape has 

Ul, a punched hole of 2 mm width and more than 15 mm length 

which defines the dimensions of the capillary channel. 
The length of the punched hole is selected to be 
slightly larger than the desired length of the 
Q capillary-active channel which is determined by its 

O cover in order ^to ensure venting of the channel during 

filling with sample liquid. A 3 mm long and 5 mm wide 
detection film is glued onto the side of the adhesive 
tape which provides the venting at a distance of 1 mm 
from the end of the punched hole. A film is used as the 
detection film as is known from the German Patent 
Application No. P 196 29 656.0. The detection film is 
specific for the detection of glucose. A 12 mm long and 

5 mm wide cover layer is glued onto the region of the 
adhesive tape that is still open between the notch- 
shaped recess and detection film so that the cover layer 
and detection film abut one another. The cover layer is 
composed of a 150 //m thick polyethylene terephthalate 
foil provided on one side with adhesive onto which a 

6 thick polyethylene terephthalate foil (both: 
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Hostaphan^, Hoechst, Frankfurt am Main, Germany) coated 
with a 30 nm thick oxidized aluminium layer on the side 
facing the capillary channel is glued. In this case the 
thinner foil extends ca . 500 fim beyond the thicker foil 
on the side facing the detection film. When the cover 
layer is mounted on the adhesive tape care must be taken 
that the protruding end of the thinner foil comes to lie 
between the detection element and the thicker foil of 
the cover layer. In order to cover areas of the adhesive 
foil that are still exposed, these are covered with a 
175 /xm thick Melinex® foil without, however, covering 
functional areas. 

The test element obtained in this manner has a capillary 
channel of 15 mm length, 2 mm width and 0.1 mm height. 
The channel can take up 3 (xl sample liquid. An area of 
3 mm X 2 mm of the detection film is wetted by the 
sample . 

Example 2 

Measurement of the blood glucose concentration with the 
aid of the test element from example 1 

The sample application side of the test element from 
example 1 is placed on a drop of sample liquid. The 
capillary of the test element automatically fills with 
sample within 2s. If glucose is present in the sample a 
colour development is visible in the detection film 
after a few seconds. The end point of the reaction is 
reached after ca. 3 0 to 3 5 s. The colour obtained can be 
correlated with the glucose concentration of the sample 
and either evaluated visually or by reflection 
photometry . 


